LENS DRIVING DEVICE 

This application claims benefit of Japanese Application 
No. 2000-361714 filed in Japan on November 28, 2000, the 
contents of which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a lens driving device which 
performs movement and aperture opening and closing of a lens 
optical system in an optical device. 

2 . Description of the Related Art 

The disclosure in Japanese Patent Laid-open No. 11-287941, 
regarding a lens driving device which performs movement and 
aperture opening and closing of a lens optical system, applied 
to electronic cameras, photoenlargers , and other optical 
equipment of the prior art, relates to a lens driving method 
which performs lens movement driving and aperture driving by 
means of a single driving source. 

In the above conventional lens driving device, a dead 
zone portion is provided in the cam formed in the lens barrel. 
When the lens moves and is positioned in the above dead zone 
portion, the aperture is opened and closed by rotation of the 
above lens barrel. By reversing rotation of the lens barrel. 
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moving the lens in the backward direction with the above 
aperture opening maintained, modification of the magnifying 
power, focus driving, and aperture opening and closing, can 
each be performed by a single driving source. 

However, in the lens driving device disclosed in the 
above-mentioned Japanese Patent Laid-open No. 11-287941, when 
setting the aperture the lens must be returned to the initial 
position, and when combining an arbitrary aperture value with 
a specific lens position, a considerable time is required. 
Also, a driving plate must be used when performing aperture 
driving, so that the outer diameter of the lens barrel is 
increased, and there is the problem that the equipment in 
which the above device is incorporated increases in size. 

SUMMARY OF THE INVENTION 

This invention was devised in order to resolve the above- 
mentioned problems, and has as an object to provide a lens 
driving device which enables the setting of the combination of 
a prescribed zoom value and an arbitrary aperture value, by 
means of a simple configuration. 

One lens driving device of this invention has a lens 
optical system, a lens optical system having a moving lens 
group movable along a direction of an optical axis, the focal 
length of the lens optical system can be altered in stages 
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among a plurality of values; a moving lens group frame holding 
the moving lens group; an aperture device provided within the 
lens optical system and modifying the aperture value; a single 
driving source for changing the focal length value of the lens 
optical system and the aperture value of the aperture device; 
and, a driving member driven by the single driving source and 
performing driving to change the moving lens group frame to a 
desired focal length value from one of the plurality of focal 
length values, and then performing driving to change the 
aperture value of the aperture device while maintaining the 
desired focal length value; and in which the above driving 
member is driven by the above single driving source, and by 
this means the lens optical system is driven, and moreover the 
above aperture device is driven. 

Another lens driving system of this invention has two or 
more moving lens group frames, each capable of different 
movement in the optical axis direction; an aperture device 
provided in one of the moving lens group frames; a cam member 
including at least two or more lens driving cam, each having a 
first cam portion and a second cam portion, the first cam 
portion and the second cam portion are formed successively to 
drive corresponding moving lens group, and a third cam portion 
formed separately from the driving cam; the first cam portion 
in a range in which the moving lens group frames are driven 
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and displaced in the optical axis direction; the second cam 
portion in a range in which the moving lens group frames are 
not driven and displaced in the optical axis direction; the 
third cam portion, which, when the moving lens group frames 
are in a state of not being displaced in the optical axis 
direction due to the moving lens group frames being in the 
range of the second cam portion, drives the aperture device to 
modify the aperture value; and, a single driving source to 
drive the cam member in order to drive and displace the moving 
lens group frames and to drive the aperture device for 
changing an aperture value; and in which the above cam member 
is driven by the above single driving source, and by this 
means the moving lens group frames are driven, and moreover 
the above aperture device is driven. 

Other features and advantages of this invention will 
become clear through the following explanation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an exploded perspective view of the lens barrel 

into which is incorporated the lens driving device of one 

aspect of this invention; 

Fig. 2 is a cross-sectional view along line A-A in Fig. 1, 

and is a figure, seen from the image-formation plane side, of 
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a first-group lens frame and aperture ring comprised by the 
lens barrel of the above aspect; 

Fig. 3 is an expanded view of the cam grooves of the 
fixed frame and cam ring comprised by the lens barrel of the 
above aspect; 

Fig. 4A is an expanded view of a state of operation 
showing a state in which the cam follower of the lens frame 
and the aperture driving pins of the aperture ring are driven 
by the cam ring comprised by the lens barrel of the aspect of 
the above Fig. 1, and shows a state in which the cam follower 
has reached the wide-angle stopping region; 

Fig. 4B is an expanded view of a state of operation 
showing a state in which the cam follower of the lens frame 
and the aperture driving pins of the aperture ring are driven 
by the cam ring comprised by the lens barrel of the aspect of 
the above Fig. 1, and shows a state in which the aperture 
driving pins have reached an arbitrary aperture position; 

Fig. 4C is an expanded view of a state of operation 
showing a state in which the cam follower of the lens frame 
and the aperture driving pins of the aperture ring are driven 
by the cam ring comprised by the lens barrel of the aspect of 
the above Fig. 1, and shows a state in which the aperture 
driving pins have reached the aperture-open position; 
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Fig. 5 is a figure showing the relation between the cam 
groove of the cam ring comprised by the lens barrel, and the 
encoder output, in the above aspect; 

Fig. 6 is an expanded view of an aperture cam groove 
which is a modification of the aperture cam groove provided in 
the cam ring comprised by the lens barrel in the aspect of the 
above Fig. 1; 

Fig. 7 is a block diagram of an electronic camera 
incorporating the lens barrel of the aspect of the above Fig. 
1; 

Fig. 8 is a flowchart of the main routine of pickup 
processing in an electronic camera incorporating the lens 
barrel of the aspect of the above Fig. 1; 

Fig. 9 is a flowchart of the "zoom-up driving" subroutine 
called in the main routine of the above Fig. 8; 

Fig. 10 is a flowchart of the "zoom-down driving" 
subroutine called in the main routine of the above Fig. 8; 

Fig. 11 is a flowchart of the "aperture driving (A)" 
subroutine called in the main routine of the above Fig. 8; 

Fig. 12 is a flowchart of the "aperture driving (B)" 
subroutine called in the main routine of the above Fig. 8; and. 

Fig. 13 is a diagram of the aperture characteristic in an 
electronic camera incorporating the lens barrel of the aspect 
of the above Fig. 1. 
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DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Hereafter, aspects of this invention are explained based 
on the drawings. 

Figs. 1 through 5 are used to explain a lens barrel 
incorporating the lens driving device of one aspect of this 
invention. 

Note that as the rotation direction for operation in the 
following explanation, the clockwise direction as seen from 
the object side of the lens barrel (the lower side in Fig. 1; 
the counterclockwise direction as seen from the image- 
formation side), is taken to be the Dl direction, and the 
counterclockwise direction as seen from the object side (the 
clockwise direction as seen from the image -format ion side) is 
taken to be the D2 direction. Moreover, the object side of the 
lens barrel in the optical axis direction is taken to be the 
forward direction, and the image-formation side of the lens 
barrel is taken to be the backward direction. 

First, the above Figs. 1 through 4C are used to explain 
the construction of the above lens barrel. 

As shown in Fig. 1, the lens barrel 1 of this aspect has 
a fixed frame 2; a cam ring 3 of cylindrical shape, as a 
driving means which is inserted in rotatable fashion into the 
inner surface 2a of the fixed frame 2; a first group lens 
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frame 4, as a moving lens group frame which is inserted in 
relatively rotatable fashion into the interior of the cam ring 
3; a second group lens frame 5, as a moving lens group frame 
which is likewise inserted in relatively rotatable fashion 
into the interior of the cam ring 3; a driving motor 21 as a 
single driving source which drives rotation of the cam ring 3 
via a driving gear portion; a photoref lector (hereafter called 
"PR") 28 comprising an encoder for detection of the rotation 
position of the cam ring 3 and the lens position; and a 
photointerruptor (hereafter called "PI") for detection of the 
amount of rotation of the driving motor 21. 

The above lens barrel 1 is incorporated into the 
electronic camera 60 (see Fig. 7); in this electronic camera 
60, pickup processing control, and zooming and aperture 
driving control, are performed under control of a CPU (central 
processing unit) 31 which is a system controller used as a 
control means, as explained below. Additionally, in this 
electronic camera 60, the pickup system has a large depth of 
field, so that focusing driving is unnecessary. 

Into the above fixed frame 2 are inserted the cam 
followers 11, 12 of the lens frames 4, 5, and in the fixed 
frame 2 are provided three straight grooves 2b which guide the 
cam followers in the direction of the lens optical axis O 
(hereafter called the optical axis), an opening 2c which 
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serves as the escape portion of the aperture driving pin 13 of 
the aperture ring 6, and an opening 2d for mounting the PR 28. 

Into the above cam ring 3 are inserted the above cam 
followers 11, 12, and in the cam ring 3 are provided three cam 
grooves (driving means, cam means) 3b, 3c to drive the motion 
of the cam followers in the direction of the lens optical axis 
O (hereafter called the optical axis), an aperture cam groove 
( driving means , cam means ) 3d to drive the above aperture 
driving pin 13 in the direction of rotation about the optical 
axis O, and a gear portion 3e for rotation driving. 

Moreover, reflective tape for detection of the cam ring 
rotation position is applied to the cam ring 3 along the outer 
periphery. The position of this reflective tape is detected by 
the PR 28, which is supported by the fixed frame 1. The output 
is input to the CPU 31, which will be described later, as an 
encoder output indicating the rotating position of the cam 
ring 3, and used in control of zoom driving, aperture driving, 
or the like. 

Moreover, a gear 24 meshes with the gear portion 3e of 
the cam ring 3, and the above gear 24 meshes with a pinion 22 
of a driving motor 21 via an integrally-formed gear 23. Hence 
the cam 3 is driven in rotation by the driving motor 21. The 
amount of rotation of the driving motor 21 is determined 
through detection, by the PI 26, of the rotation of a slit 
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plate 25 fastened to a motor shaft, the output of which is 
input to the CPU 31, which will be described later. 

A first group lens 15 as a moving lens group constituting 
a zoom lens is held by the above first group lens frame 4, and 
three cam followers 11 are fastened in three cam follower 
mounting holes 4a in the frame periphery. The above cam 
followers 11 are inserted in freely sliding fashion into the 
cam groove 3b of the cam ring 3 and into the straight groove 
2b of the fixed frame 2. The aperture ring 6, which is an 
aperture device, is incorporated into the first group lens 
frame 4 so as to enable free rotation about the optical axis O 
(see Fig. 2). Six round holes, not shown, parallel to the lens 
optical axis O, are provided in the first group lens frame 4 
in the vicinity of the opening 4d. 

A second group lens 16 as a moving lens group 
constituting a zoom lens is held by the above second group 
lens frame 5, and three cam followers 12 are fastened in three 
cam follower mounting holes 5a in the frame periphery. The 
above cam followers 12 are inserted in freely sliding fashion 
into the cam grooves 3c of the cam ring 3, and into the 
straight grooves 2b of the fixed frame 2. 

The above aperture ring 6 has a mounting hole 6a in its 
outer periphery, and in this mounting hole 6a is fastened an 
aperture driving pin 13 which is driven by the aperture cam 
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groove 3d of the cam ring 3. The aperture ring 6 has an 
aperture opening 6e in its interior. 

Moreover, the aperture ring 6 has six long holes 6b, 
directed radially from the center and penetrating in the plate 
thickness direction. Aperture blades 7 for opening and closing 
of the aperture opening 6e on the lens barrel image- formation 
side of the first group lens 15, with a six-blade 
configuration, are incorporated so as to be enclosed between 
the aperture ring 6 and the first group lens frame 4 . 

The above aperture blades 7 are fixed by two pins for 
each blade; of these, one blade pin 7a is rotatably inserted 
into one of the above round holes, and another blade pin 7b is 
inserted into one of the above long holes 6b provided in the 
above aperture ring 6, so as to enable sliding in the length 
direction. 

The aperture driving pin 13 protrudes outward from the 
opening groove 4b of the first group lens frame 4; the 
aperture driving pin 13 is pressed by the pin contact surface 
of the aperture groove 3d of the cam ring 3, and due to 
rotation of the aperture ring 6, the aperture blades 7 move 
circularly about the blade pins 7a, to change the aperture 
opening. 

A stopper 6c and a protrusion 6d are provided on the 
outer surface of the above aperture ring 6. On the other hand, 
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a stopper 4c is provided on the inner surface of the first 
group lens frame 4 . One end of an aperture ring impelling 
spring 9 lays across the above protrusion 6d, and the other 
end of the spring lays across the inner portion of the first 
group lens frame 4 . Hence the aperture ring 6 is supported in 
a state of being impelled in the D2 direction with respect to 
the first group lens frame 4. In the open state of the 
aperture driving pin 13, the stoppers 4c and 6c are in contact, 
and in this state the aperture opening is minimum. 

In the open state of the above aperture driving pin 13, 
the cam follower 11 and aperture driving pin 13 of the first 
group lens frame 4 form an angle 6A about the optical axis O, 
as shown in Fig. 2, and at this time the aperture ring 6 
executes the minimum aperture to the aperture blades 7 . When 
the aperture driving pin 13 is moved in the direction Dl by a 
maximum angular amount QC from the above angle 9A, opposing the 
impelling force of the aperture impelling spring 9, the 
aperture ring 6 executes opening of the aperture. When the 
aperture driving pin 13 is at an angle 9b between the above 
angle dA and the angle 6C, the aperture ring 6 applies to the 
aperture blades 7 an aperture value of arbitrary magnitude 
between the minimum aperture and the open aperture. 
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The cam follower 11 of the first group lens frame 4, and 
the cam follower 12 of the second group lens frame 5, are 
respectively inserted in freely sliding fashion into the cam 
grooves 3b and 3c provided in the above cam ring 3. 

The above cam grooves 3b and 3c have oblique-travel cam 
grooves 3bl, 3cl, oblique-travel cam grooves 3b3, 3c3, and 
oblique-travel cam grooves 3b5, 3c5, as lens frame driving 
regions (first cam portion) for oblique travel with respect to 
the optical axis O in order to drive the first group lens 
frame 4 and second group lens frame 5 in the direction of the 
optical axis O, as shown in the cam groove expanded diagram of 
Fig. 3, and in Fig. 5, showing the relation between cam 
grooves and encoder output. The above cam grooves 3b, 3c also 
have circumferential-direction cam grooves 3b2, 3c2 in the 
wide-angle region S2, circumferential-direction cam grooves 
3b4;. 3c4 in the standard zoom region S4, and circumferential- 
direction cam grooves 3b6, 3c6 in the telephoto region S6, 
which are lens frame non-driving regions (second cam portions) 
formed by cam grooves, along the circumferential direction, 
which maintain a prescribed zoom position without driving the 
above two lens frames in the direction of the optical axis 0. 
The pair of cam grooves 3b and 3c are formed successively, or 
by connecting, in alternation, the above diagonal cam grooves 
and circumferential-direction cam grooves. 



13 



Note that in the cam ring 3 there are provided the above 
pair of cam grooves 3b, and three pair of cam grooves 3c. Fig. 
5 shows only the expanded shape of the cam groove 3b of the 
cam ring 3 into which is inserted the cam follower 11 to 
control and drive the first group lens frame 4; but the cam 
groove 3c of the cam ring 3 is also formed by having a 
diagonal cam groove with the same phase with respect to the 
rotation direction of the cam ring 3, and a circumferential- 
direction cam groove. 

When the cam ring 3 is rotated in the direction Dl in a 
state in which the cam followers 11 and 12 of the lens frames 
4, 5 are inserted into the above diagonal cam grooves of the 
cam grooves 3b, 3c of the cam ring 3, the cam followers 11 and 
12 are guided in a straight line by the straight groove 2b of 
the fixed frame 2, and move in the direction of the optical 
axis O while varying the interval between them. The first 
group lens frame 4 and second group lens frame 5 are then 
extended from the collapsed position to the wide-angle 
position, or from the wide-angle position to the standard zoom 
position (zoom intermediate position), or from the standard 
zoom position to the telephoto position. When the cam ring 3 
is rotated in the D2 direction, collapse in the direction 
opposite the above-described direction occurs. 
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Even if the cam ring 3 is rotated in the direction Dl or 
the direction D2 in a state in which the cam followers 11 and 
12 of the lens frames 4, 5 are inserted into the above 
circumferential-direction cam grooves of the cam grooves 3b, 
3c of the cam ring 3, the cam followers 11, 12 do not move in 
the direction of the optical axis O. The first group lens 
frame 4 and second group lens frame 5 are held at the wide- 
angle position, or at the standard zoom position, or at the 
telephoto position, while maintaining their prescribed 
interval, without moving forward or backward. 

When the cam follower 11 of the first group lens frame 4 
moves in relative sliding motion along the cam groove 3b of 
the above cam ring 3, with the cam follower 11 at the 
collapsed position-side of the wide-angle region S2 
(circumferential-direction cam groove 3b2), standard zoom 
region S4 (circumferential-direction cam groove 3b4 ) , or 
telephoto region S6 (circumferential-direction cam groove 3b6) 
of the cam groove 3b, the encoder output of PR 28 changes from 
"H" (high-output level) to "L" (low-output level), as shown in 
the diagram in Fig. 5 of the relation between the cam groove 
and encoder output. When the cam follower 11 reaches the ends 
of the wide-angle region S2 or standard zoom region S4 of the 
cam groove 3b near the telephoto position, the encoder output 
of PR 28 changes from "L" to "H" . 
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Moreover, as shown in Fig. 5, the region between the end 
of the wide-angle region S2 (circumferential-direction cam 
groove 3b2) of the cam groove 3b near the collapsed position, 
and the transition point at which the encoder output of the 
above PR .28 changes from "H" to "L", is taken to be the wide- 
angle stopping region RW. 

The region between the end of the standard zoom region S4 
(circumferential-direction cam groove 3b4) of the cam groove 
3b near the collapsed position, and the transition point at 
which the encoder output of the above PR 28 changes from "H" 
to "L", is taken to be the standard zoom stopping region RS . 

The region between the end of the telephoto region S6 
(circumferential-direction cam groove 3b6) of the cam groove 
3b near the collapsed position, and the transition point at 
which the encoder output of the above PR 28 changes from "H" 
to "L", is taken to be the telephoto stopping region RT. 

Immediately after zoom wide-angle driving by the cam ring 
3, or in the state before or after aperture driving, the cam 
follower 11 is stopped in the above wide-angle stopping region 
RW. 

Immediately after standard zoom driving by the cam ring 3, 
or in the state before or after aperture driving, the cam 
follower 11 is stopped in the above standard zoom stopping 
region RS. 
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Immediately after zoom telephoto driving by the cam ring 
3, or in the state before or after aperture driving, the cam 
follower 11 is stopped in the above telephoto stopping region 
RT. 

On the other hand, the aperture driving pin 13 of the 
first group lens frame 4 is inserted into the aperture cam 
groove 3d provided in the above cam ring 3; as shown in the 
expanded view of Fig. 3, in this aperture cam groove 3d are 
provided diagonal-travel escape portions 3dl, 3d3 , 3d5, and 
pin-contact faces 3d2, 3d4, 3d6 which are faces parallel to 
the optical axis O with which the aperture driving pin 13 can 
make contact. 

The aperture driving pin 13 of the aperture ring 6 
supported by the first group lens frame 4 is inserted into the 
above aperture cam groove 3d. When the first group lens frame 
4 is in any of the above wide-angle position, standard zoom 
position, or telephoto position states, the aperture ring 6 is, 
together with the first group lens frame 4, in the same 
extension position. Hence the aperture driving pin 13 is in a 
position enabling contact with the pin-contact faces 3d2, 3d4, 
3d6 of the aperture cam groove 3d. If, in this state, the cam 
ring 3 is driven in rotation in the direction Dl, the aperture 
driving pin 13 is moved pressing against one of the pin 
contact faces 3d2, 3d4, 3d6. By means of this pressing 
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movement of the aperture driving pin 13, the aperture ring 6 
is rotated in the direction Dl relative to the first group 
lens frame 4. By means of this rotation, the aperture value is 
changed . 

Next, the aperture driving operation of the aperture ring 
6 by the aperture driving pin 13 is explained in detail, for 
the example of the zoom wide-angle state, using the expanded 
views of operating states in Figs. 4A, 4B and 4C. When the cam 
ring 3 is driven in rotation in the Dl direction from the 
state in which both the first group lens frame 4 and the 
second group lens frame 5 are in the collapsed position (see 
Fig. 3), the cam followers 11, 12 move in the forward 
direction by means of the diagonal cam grooves 3bl, 3cl of the 
cam grooves 3b, 3c, to arrive at the wide-angle stopping 
region RW at the ends of the circumferential-direction cam 
grooves 3b2, 3c2 (see Fig. 4A) . At this time, the first group 
lens frame 4 and the second group lens frame 5 are extended to 
the wide-angle position. On the other hand, the aperture 
driving pin 13 of the aperture ring 6 moves forward together 
with the cam follower 11 along the escape portion 3dl of the 
aperture cam groove 3d, to be positioned on the side of the 
pin contact face 3d2 of the aperture cam groove 3d (see Fig. 
4A) . 
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When the cam ring 3 is then rotated in the Dl direction, 
so that the cam ring 3 is rotated by a prescribed angle with 
reference to the transition point (P6 in Fig. 5) at which the 
encoder output of PR 28 changes from "H" to "L", the pin 
contact face 3d2 makes contact with the aperture driving pin 
13. In this state, the cam follower 11 and aperture driving 
pin 13 form an angle Qa (see Fig. 2), and the aperture state of 
the aperture blades 7 of the aperture ring 6 are in the 
minimum aperture opening state. 

Next, if the cam ring 3 is rotated by an arbitrary angle 
in the Dl direction according to a prescribed aperture value, 
the aperture driving pin 13 is pressed by the pin contact face 
3d2, and moves in rotation in the Dl direction. In this state, 
the cam follower 11 and aperture driving pin 13 form an angle 
(BA+eB), and the aperture state of the aperture blades 7 of the 
aperture ring 6 assumes an arbitrary prescribed aperture value 
between the minimum and open aperture states (see Fig. 4B) . In 
this state, image pickup is performed. After image pickup, the 
cam ring 3 is rotated in the D2 direction, and the cam 
followers 11, 12 are returned to the original wide-angle 
stopping region RW. 

When fully opening the aperture, the cam ring 3 is 
further rotated in the Dl direction by a prescribed angle, and 
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when the cam followers 11, 12 reach the vicinity of the ends 
of the cam grooves 3b2, 3c2, the cam follower 11 and aperture 
driving pin 13 form an angle (OA+ec), and the aperture state of 
the aperture blades 7 of the aperture ring 6 are in the open 
state (see Fig. 4C). After execution of image pickup, the cam 
ring 3 is rotated in the D2 direction, and the cam followers 
11, 12 are returned to the original wide-angle stopping region 
RW. 

Note that during the above-described aperture driving, 
the first group lens frame 4 and second group lens frame 5 
remain held in the wide-angle position. 

In a state in which the first group lens frame 4 and 
second group lens frame 5 is zoomed-up to a position other 
than the above wide-angle position, that is, to the standard 
zoom position or the telephoto position, or is zoomed-down 
from another zoom position, aperture driving similar to the 
above-described operation is performed. 

That is, in a state in which the cam followers 11, 12 are 
in a zoom stopping region, by similarly rotating the cam ring 
3 in the direction Dl, and rotating the aperture ring 6 
through a prescribed angle with respect to the lens frame 4, 
the above-described aperture operation is executed. After 
execution of the image pickup operation, the cam ring 3 is 
rotated to return the cam follower 11 to the stopping region 
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RS or RT or the other region which is the stopping region 
corresponding to each zoom position, returning the aperture to 
the minimum aperture. In this state, the next zoom driving, 
aperture driving, image pickup or other operation is awaited. 

Note that the cam groove escape portions 3dl, 3d3, 3d5 of 
the aperture cam groove 3d shown in Fig. 3, 4A, 4B or 4C need 
not completely escape from the aperture driving pin 13. It is 
because varied aperture during zoomed-up or zoomed-down 
operation in a lens optical system does not cause a serious 
problem. 

Note that the cam groove escape portions 3dl, 3d3, 3d5 of 
the aperture cam groove 3d which provide in the cam ring 3 
need not necessarily be cam faces performing diagonal travel 
as shown in Fig. 3, but may be of a shape resulting in 
escapement from the movement position of the aperture driving 
pin 13 resulting from extension operation of the first group 
lens frame 4. For example, as shown in Fig. 6, the aperture 
cam groove 29d may be formed from faces parallel to the 
optical axis O, an escape portion 29d having escape portions 
29dl, 29d3, 29d5, 29d7, 29d8 formed from orthogonal faces, and 
pin contact faces 29d2, 29d4, 29d6. 

The configuration of an electronic camera incorporating 
the above-described lens barrel 1 is next explained, using the 
block diagram of Fig. 7. 



21 



As Shown in Fig. 7, the above electronic camera 60 
comprises a CPU 31 as the system controller performing control 
of the entire camera; the above-described lens barrel 1, 
incorporating a pickup lens and aperture device in order to 
capture the image of an object; a pickup element 41 which 
converts an object image captured by the first and second 
group lenses 15, 16 of the lens barrel 1 into electrical 
signals; and other control elements for image pickup, 
described below. 

As already stated, the above lens barrel 1 has a first 
group lens frame 4 which holds a first group lens 15, and a 
second group lens frame 5 which holds a second group lens 16; 
an aperture ring 6 having aperture blades 7 (see Fig. 2) is 
incorporated into the above first group lens frame 4- 

The above two lens frames 4, 5 and aperture blades 7 are 
driven under control by a driving motor 21, which is a single 
driving source, via a lens /aperture driving mechanism 3 6 
comprising the cam grooves of a cam ring 3, cam followers or 
the like. A slit plate 25 is mounted onto the output shaft of 
the driving motor 21. By means of PI 26 positioned near the 
slit plate 25, an output signal corresponding to the rotation 
of the slit plate 25 is obtained. This output signal is 
converted into a pulse signal by a pulse signal generation 
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circuit 37, and is input to the CPU 31. Power is supplied to 
the above driving motor 21 via a driving circuit 35. 

The CPU 31 drives the driving motor 21 with the required 
number of rotations, by controlling the driving circuit 35, 
while detecting pulse signals from PI 26. This driving motor 
21 drives rotation of the cam ring 3, driving the first and 
second group lens frames 4, 5 and the aperture ring 6, to 
perform driving under control of zooming (changes in 
magnifying power) and aperture opening and closing. 

In order to precisely position the first and second group 
lens frames 4, 5, a lens position encoder is provided to 
detect the position of the cam ring 3, and in addition the 
amount of driving of the above driving motor 21 is detected by 
means of pulse signals from PI 26 and used. 

The above lens position encoder comprises reflective tape 
2 7 applied to the periphery of the above-described cam ring 3, 
and a PR (photoref lector ) 2 8 which is an optical sensor to 
detect reflective portions 27a and non-reflective portions 27b 
of the reflective tape 2 7 fastened to the fixed frame 2. 

By means of the encoder output which is the output signal 
of the above PR 28, the zoom rotation reference position of 
the cam ring 3 (the encoder output transition points Pi to P6 
shown in Fig. 5), and therefore the wide-angle position, 
standard zoom position, and telephoto position of the lens 
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frames 4, 5 can be known with rough precision (see Fig. 5). 
The detection precision is rough, but because there is no 
effect of play or backlash, the relation between the lens 
frame positions and the encoder output does not change. 
However, as explained below, the relation between the wide- 
angle position, standard zoom position and telephoto position 
and the encoder output will vary slightly among cameras due to 
manufacturing tolerances, and so data for the correspondence 
relations for each camera is written to non-volatile memory 
(EEPROM) 45. Detection of the rotation reference position of 
the cam ring 3 in each zoom state is performed based on this 
correspondence relation data. 

By controlling the driving motor 21 using the pulse 
signals of the above PI 26 and the encoder output of the PR 28, 
the CPU 31 can control the positions of the lens frames 4, 5 
with a desired precision. The above output encoder has great 
significance for aperture control, discussed below. 

Control parameters necessary for control of the camera 
system are stored in the non-volatile memory 45, comprising 
EEPROM or the like; this parameter information is input to the 
CPU 31 as necessary. 

The photometry circuit 46 is a circuit for detection of 
the brightness of the object; its output is input to the CPU 
31. 
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An image sensor controller 42 comprises a DSP (digital 
signal processor) or the like, and controls an image pickup 
element {image sensor) 41 based on instructions from the CPU 
31. The above DSP converts image data input from the pickup 
element 41 into a prescribed format, and stores the converted 
image data in image data recording media 43 comprising flash 
ROM, a hard disk drive, a floppy disk drive or the like. 

An LCD monitor 44 is controlled by the image sensor 
controller 42, and comprises an LCD display unit which 
displays images using image data. A power supply circuit 32 is 
a circuit for supplying the power of a power supply unit 33 to 
different circuit blocks comprised by the system, and operates 
based on control signals from the CPU 31- 

The CPU 31 is connected to a number of switches 
(hereafter, switches are called "SW"), such as a power supply 
SW 47, zoom-up SW 48, zoom-down SW 49, release SW 50 or the 
like. When the above power supply SW 47 is turned on, the CPU 
31 supplies power to each circuit block of the system, and the 
camera is put into a state in which operation is possible. 
When the power supply SW 47 is turned off, the power supply is 
shut off, and a state in which operation is disabled is 
entered. When the above zoom-up SW 48 is turned on, the CPU 31 
exercises control to change the focal length of the image 
pickup lenses from wide-angle to a long focal length. When the 
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above zoom-down SW 49 is turned on, the CPU 31 exercises 
control to change the focal length of the image pickup lenses 
from a long focal length to a wide-angle focal length. When 
the above release SW 50 is turned on, the CPU 31 begins image 
pickup operation. 

Next, image pickup operation of the electronic camera 60 
of the aspect with the above-described configuration is 
explained, using the flowcharts of Figs. 8 through 12, the 
diagram of the relation between the cam groove and encoder 
output of Fig. 5, and the diagram of the aperture 
characteristic of Fig. 13. 

Note that Fig. 8 is a flowchart of the main routine of 
image pickup processing. Fig. 9 is a flowchart of the "zoom-up 
driving" subroutine called by the above main routine. Fig. 10 
is a flowchart of the "zoom-down driving" subroutine called by 
the above main routine. Fig. 11 is a flowchart of the 
"aperture driving (A)" subroutine called by the above main 
routine. Fig. 12 is a flowchart of the "aperture driving (B)" 
subroutine called by the above main routine. 

In the main routine and subroutine processing operations 
of the above Figs. 8 through 12, all processing is executed 
under control of the CPU 31. When the power supply SW 47 is 
turned on, the main routine of Fig. 8 is started, and the CPU 
31 starts control operations. First, in step SlOO system 
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startup processing is performed. In this startup processing, 
the power supply circuit 32 is controlled to supply power to 
the circuit blocks comprised by the system. Also, each circuit 
is initialized. 

In step SI 01, the driving motor 21 is driven under 
control, and the image pickup lenses (first and second group 
lenses 15, 16) are driven from the collapsed position to the 
wide-angle position via the cam ring 3. In step S102, the 
state of the zoom-up SW 48 is detected. If there is no 
operation of the zoom-up SW 48 (if it is turned off), 
execution proceeds to step S104. If the zoom-up SW 48 is 
operated, and is detected to be turned on, execution proceeds 
from step S102 to step S103, and the "zoom-up driving" 
subroutine described below is executed. 

Note that in the example of the camera of this aspect, 
the above image pickup lenses can be operated to change the 
magnifying power in three stages: wide-angle, standard zoom, 
and telephoto; when the above "zoom-up driving" processing is 
executed, the magnifying power is changed by one stage toward 
the telephoto side (longer focal point side). 

When the zoom-up SW 48 is off and execution proceeds from 
step S102 to S104, the state of the zoom-down SW 49 is 
detected. If there is no operation of the zoom-down SW 49 (if 
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it is off), execution proceeds to step S106. If the zoom-down 
49 is detected to be on, execution proceeds to step S105. 
In step SI 05, the "zoom-down driving" subroutine, 
described below, is executed. When this "zoom-down driving" 
processing is executed, the magnifying power is changed by one 
stage toward the wide-angle side {shorter focal length side). 

In step SI 06, the state of the release SW 50 is detected. 
If the release SW 50 is operated (when it is turned on), 
execution proceeds to step SllO; if the release SW 50 is not 
operated {if it is off), execution proceeds to step 8107. 

If execution proceeds to step S107, the state of the 
power supply SW 47 is again detected. If the power supply sw 
47 is on, execution returns to step S102 in order to continue 
camera image pickup operation. If the power supply SW 47 is 
off, execution proceeds to step S108, and the image pickup 
lenses are driven to the collapsed position. In step SI 09, 
system shutdown processing is performed, the power supply to 
each of the control elements is stopped, and the CPU 31 enters 
the HALT state {operation-stopped state). 

If execution proceeds to step SllO, exposure calculations 
are performed based on an object brightness information input 
from a photometry circuit 46. In exposure calculations, the 
pickup lens aperture setting is determined. Then, in step Sill, 
the "aperture driving (A)" subroutine, described below, is 



executed, and the cam ring 3 is driven such that the aperture 
of the lens barrel 1 assumes the aperture setting determined 
in the exposure calculations of the above step SllO. 

Next, execution proceeds to step SI 12, and the CPU 31 
issues an instruction for input to the DSP of the image sensor 
controller 42 of image data for the object image. In step S113, 
completion of image data input to the DSP is awaited. In step 
S114, the "aperture driving (B)" subroutine, described below, 
is executed. In this subroutine, the cam ring 3 of the lens 
barrel 1 is rotated, to restore the aperture state and lens 
frame state prior to execution of the "aperture driving (A)" 
subroutine. Then, in step SI 15 an instruction is issued to the 
DSP to display the captured image data on the LCD monitor. 
Then, execution returns to the above step S102. 

Next, details of processing operations of the above- 
mentioned "zoom-up driving" subroutine are explained, using 
the flowchart of Fig. 9. 

This subroutine is also executed under the control of the 
CPU 31. First, in step S200 the contents of a zoom position 
register 31a, allocated in part of the memory of the CPU 31, 
are referenced. This zoom position register 31a stores either 
wide-angle, standard zoom, or telephoto position information 
relating to the zoom position of the first and second group 
lenses 15, 16 of the first and second group lens frames 4, 5, 
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that is, the current pickup lens. If the information in the 
above zoom position register 31a is the information on the 
telephoto position, the pickup lenses cannot be driven, and so 
execution returns to the main routine without change. Unless 
it is the information on the telephoto position, pickup lens 
zoom-up driving is possible, and execution proceeds to step 
S201. In the following explanation, it is assumed that the 
current pickup lens position is the standard zoom position, 
and processing in step S201 and subsequent steps is explained 
referring to Fig. 3 and Fig. 5. 

The above Fig. 5 shows the relation between the cam 
groove and the output of the lens position encoder, that is, 
the relation between the encoder output due to the reflective 
and non-reflective portions of the reflective tape 27, and the 
cam groove position at which the cam follower 11 is positioned. 
This Fig. 5 shows only the expanded shape of the cam groove 3b 
of the cam ring 3 into which the cam follower 11 of the lens 
frame 4 is inserted; but as shown in Fig. 3, diagonal cam 
grooves and circumferential-direction cam grooves with the 
same phase in the rotation direction are also formed in the 
cam groove 3c of the cam ring 3, into which is inserted the 
cam follower 12 of the lens frame 5. 

As shown in Fig. 3 and Fig. 5, in a state in which the 
cam followers 11, 12 are in relative motion in the 
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circumferential-direction cam grooves of the wide-angle, 
standard zoom, and telephoto regions S2, S4, S6 of the cam 
grooves 3b, 3c in the cam ring 3, the focal length of the 
pickup lenses do not change even if the driving motor 21 is 
driven. That is, the state is a fixed-zoom state. 

When changing the pickup lens aperture value, the change 
must be performed in the above fixed-zoom state. For example, 
in a state in which the pickup lenses are in the standard zoom 
position, the focal length can be regarded as the standard 
zoom, regardless of where the pickup lenses are stopped in the 
standard zoom region S4; hence the aperture value can be 
changed while in the fixed-zoom state in the standard zoom 
region S4 . In other zoom regions also, the fixed-zoom range is 
necessary in order to control the aperture. These regions are 
the above wide-angle region S2, standard zoom region S4, and 
telephoto region S6. The above aperture control method is 
explained below. 

In the collapsed-side end regions of the above wide-angle, 
standard zoom, and telephoto regions S2, S4, S6 in the cam 
groove of the cam ring 3, a stopping region is provided in 
which the cam followers 11, 12 are to stop; these stopping 
regions are the wide-angle stopping region RW, standard zoom 
stopping region RS, and telephoto stopping region RT, shown in 
the above-mentioned Fig. 5. These stopping regions include the 
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regions, within the region in which the output of PR 28 is "E" , 
from the end on the collapsed-position side of each of the 
wide-angle, standard zoom, and telephoto regions in the cam 
groove, to the transition points at which the output of the PR 
28 changes between "H" and "L". By detecting the above encoder 
output during rotation of the cam ring 3, the arrival of the 
cam followers at each of the above stopping regions is 
detected. Immediately after an operation to change the 
magnifying power of the pickup lenses (zoom operation), or 
after aperture driving, the cam followers 11, 12 are made to 
always stop in the above stopping regions, and await a 
subsequently executed zoom operation or aperture operation. 

In order to execute zoom-up driving, in the above step 
S201 the driving circuit 35 is controlled so as to cause the 
driving motor 21 to rotate in the CW (clockwise) direction. 
When the driving motor 21 rotates in the CW direction, the cam 
ring 3 rotates in the Dl direction (zoom-up direction). The 
CPU 31 controls the driving motor 21 while detecting changes 
in the encoder output (passage through output transition 
points) of the PR 28. In steps S202, S203 and S204, checks of 
changes in the encoder output are performed while awaiting 
further operation. 

That is, in step S202 the encoder output is checked for a 
change from "H" to "L". If, as described above, the pickup 
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lenses are supposed to be positioned in the standard zoom 
stopping region RS, then rotation of the cam ring 3 in the Dl 
direction causes the cam follower 11 to move along the cam 
groove 3b. Then, arrival at the transition point Pi (see Fig. 
5), and detection of a change in the encoder output from "H" 
to "L", is awaited. When the above output change is detected, 
execution proceeds to step S203. 

Next, in step S203 the encoder output is checked for a 
change from "L" to "H". As in the above-described example, if 
the pickup lenses are supposed to be in the standard zoom 
position, then the cam follower 11 moves along the cam groove 
3b, and arrival at the transition point P2 (see Fig. 5), and 
detection of a change in the encoder output from "L" to "H", 
is awaited. When the above output change is detected, 
execution proceeds to step S204. 

In step S204, the encoder output is checked for a change 
from "H" to "L". In the above-described example, the pickup 
lenses are extended from the standard zoom position to the 
telephoto position. When the cam follower 11 moves along the 
cam groove 3b in the zoom-up direction and arrives at the 
transition point P3 (see Fig. 5), and a change in the encoder 
output from "H" to "L" is detected, execution proceeds to step 
S205. If arrival at the above transition point P3 is detected. 
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the cam follower 11 has already passed the telephoto stopping 
region RT at which it was to stop. 

Then, in step S205, braking is applied to the driving 
motor 21, which is stopped temporarily, and in step S206 the 
driving motor 21 is rotated backward in the CCW 
(counterclockwise) direction. By means of this rotation the 
cam ring 3 is rotated in the D2 direction, and the cam 
follower 11 returns in the direction of the standard zoom 
region. In step S207, detection of the transition point at 
which the encoder output changes from "L" to "H" is awaited. 
When the above detection occurs, the cam follower 11 has 
arrived at the above transition point, and a state obtains in 
which the pickup lenses are positioned in the stopping region 
zoomed-up by one stage. In the above-described example, when 
arrival from the telephoto side at the transition point P4 (at 
the same position as transition point P3 ) is detected, the cam 
follower 11 is positioned in the telephoto stopping region RT, 
and the pickup lenses have arrived at the telephoto position. 

Then, in step S208 the motor terminals of the driving 
motor 21 are electrically short-circuited to stop the motor. 
This braking operation by means of terminal short-circuiting 
is hereafter referred to simply as "braking". 

In step S209, the information on a current position is 
stored in the zoom position register 31a. In the above- 
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described example, the telephoto position information is 
stored in the zoom position register 31a. Execution then 
returns to the main routine. 

Next, details of processing operations of the above- 
mentioned "zoom-down driving" subroutine are explained, using 
the flowchart of Fig. 10. 

This subroutine is also executed under control of the CPU 
31. First, in step S300 the contents of the zoom position 
register 31a are inspected. If the contents of the zoom 
position register 31a indicate the wide-angle position, 
because the pickup lenses cannot be driven in the wide-angle 
direction, execution returns to the main routine without 
change. If the contents of the zoom position register 31a are 
other than the contents of the wide-angle position, execution 
proceeds to step S301. Hereafter, an explanation is given, 
referring to Fig. 5, assuming that the current zoom position 
of the pickup lenses is the standard zoom position, and more 
specifically, is the standard zoom stopping region RS. 

In step S301, the driving circuit 35 is controlled to 
cause the driving motor 21 to rotate in the CCW direction. By 
means of the above rotation of the driving motor 21, the cam 
ring 3 rotates in the D2 direction {zoom-down direction), and 
the encoder output of the PR 28 changes. The CPU 31 controls 
the driving motor 21 while detecting this output change 
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(passage through transition points). In steps S302 and S303, 
checks of changes in the encoder output are performed while 
awaiting further operation. 

That is, in step S3 02 the encoder output is checked for a 
change from "H" to "L". If, as described above, the pickup 
lenses are supposed to be positioned in the standard zoom 
stopping region RS, then the descent of the cam follower 11 
along the cam groove 3b on the zoom-down side, arrival at the 
transition point P5 (see Fig. 5), and detection of a change in 
the encoder output from "H" to "L", is awaited. When the above 
output change is detected, execution proceeds to step S303. 

Next, in step S3 03 the encoder output is checked for a 
change from "L" to "H". As in the above-described example, if 
the pickup lenses are supposed to be initially in the standard 
zoom stopping region RS, then the cam follower 11 moves along 
the cam groove 3b, and arrival at the transition point P6 (see 
Fig. 5), and detection of a change in the encoder output from 
"L" to "H", is awaited. When arrival at the above transition 
point P6 is detected, the cam follower 11 has arrived in the 
telephoto stopping region RW at which it is to stop. The 
pickup lenses have also arrived at positions zoomed-down by 
one stage. 

Then, in step S304, braking is applied to the driving 
motor 21 to stop it. In step S305 the information on a current 
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zoom position is stored in the zoom position register 31a. In 
the above-described example, wide-angle position information 
is stored in the zoom position register 31a. Execution then 
returns to the main routine. 

Next, details of processing operations of the above- 
described "aperture driving (A)" subroutine are explained, 
using the flowchart of Fig. 11. 

This subroutine is also executed under control of the CPU 
31. Rotational driving of the cam ririg 3 causes the aperture 
ring 6 to be rotated by a prescribed relative angle, via the 
aperture cam groove 3d, to set a desired aperture value. That 
is, by means of rotational driving of the cam ring 3, the pin 
contact face of the aperture cam groove 3d presses against and 
drives the aperture driving pin 13, and the aperture ring 6 is 
rotated by a prescribed relative angle with respect to the 
lens frame 4. By means of this rotation, the plurality of 
aperture blades 7 (see Fig. 2) of the aperture ring 6 are 
moved circularly to change the aperture opening, to set 
different aperture values. 

The cam ring rotation angle at which the above different 
aperture values are obtained (the rotation angle of the 
aperture ring 6) is detected from the number of output pulses 
of the PI 26. As the above number of output pulses, the number 
of counts of PI 26 output pulses (the output from the pulse 
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signal generation circuit 37) is employed, with reference to 
each zoom stopping region — for example, from the transition 
point in the output of the lens position encoder (PR 28) at 
the end position of the standard zoom stopping region RS. The 
relation between the number of PI 26 output pulses from the 
above transition point (reference position) and the aperture 
value Fno will differ depending on the zoom state (focal 
length) of the pickup lenses; as an example, a relation 
between the aperture value Fno and the above number of PI 
output pulses when the pickup lenses are in the standard zoom 
position is assumed as shown in Table 1. 



Table 1 



Aperture Value 


PI Output 


Pno=ll 


100 pulses 


Fno=8.0 


150 pulses 


Fno=5 . 6 


200 pulses 


Fno=4 . 0 


250 pulses 


Fno=2 . 8 


300 pulses 


Fno=2 . 0 


350 pulses 



The relational table data in Table 1 for the above 
standard zoom state, and table data for the relation between 
aperture value Fno and the above number of PI output pulses 
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for the wide-angle and telephoto states, are stored in non- 
volatile memory 45. 

The number of pulses in the above table data changes due 
to errors in the position of application of the reflective 
tape 27, and cannot easily be determined unambiguously for one 
type of camera. In order to set the aperture value more 
accurately, relational table data for each zoom position, 
including wide-angle, standard zoom, and telephoto, measured 
for individual cameras, is stored for each camera in non- 
volatile memory (EEPROM) 45. 

In processing of the above aperture driving (A) 
subroutine, in step S400 the number of Pi output pulses 
corresponding to the aperture value set in step SllO of the 
main routine (see Fig. 8) is read from non-volatile memory 45. 
If it is assumed that the pickup lenses are in the standard 
zoom position, then when setting Fno = 4.0, Table 1 indicates 
that driving should be for 250 pulses. 

In step S401, the number of PI output pulses read in the 
above step is set in a prescribed register in the CPU 31. In 
step S402, the driving motor 21 is rotated in the CW direction, 
causing the cam ring 3 to rotate in the Dl direction. In step 
S403, detection of the transition point at which the encoder 
output changes from "H" to "L" is awaited. When the above 
transition point is detected, execution proceeds to step S404, 
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and counting of the number of pulses is begun. At this time, 
the aperture value Fno changes gradually from the minimum 
aperture value Fno 11 to the fully-open aperture value Fno 2.0 
accompanying rotation of the driving motor 21, as shown in Fig. 
13. 

In step S405, coincidence of the count of the above PI 
output pulses with the value set in the above register is 
awaited. For example, if the aperture setting is Fno = 4.0 as 
described above, then when the number of Pi output pulses 
reaches 250 pulses, the aperture is in the desired set state, 
as shown in Fig. 13. 

Execution then proceeds to step S406, braking is applied 
to the driving motor 21, the cam ring 3 is stopped, and 
movement of the pickup lenses is stopped. Execution then 
returns to the main routine. 

Next, details of processing operations of the above- 
described "aperture driving (B)" subroutine are explained, 
using the flowchart of Fig. 12. 

This subroutine is also executed under control of the CPU 
31, and is processing to return to the state prior to 
execution of the above "aperture driving (A)" subroutine. For 
example, if it is assumed that the current lens focal length 
state is the standard zoom state, then the cam ring is rotated, 
the aperture value is put into the original minimum aperture 
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state, and the aperture driving pin 13 is returned to the 
standard zoom stopping region RS of Fig. 5. 

First, in step S500 the driving motor 21 is rotated in 
the CCW direction, and the cam ring 3 is rotated in the D2 
direction. In step S501, detection of a transition point at 
which the encoder output of PR 28 changes from "L" to "H" is 
awaited. For example, in a state in which the pickup lenses 
are in the standard zoom position, detection of the transition 
point PI is awaited. When the above transition point is 
detected, execution proceeds to step S502. 

In step S502, braking is applied to the driving motor 21, 
and the pickup lenses are stopped. Execution is then returned 
to the main routine. 

As described above, in an electronic camera 60 
incorporating the lens driving device of this aspect, cam 
grooves 3a, 3b for zoom driving of lens frames 4, 5 to hold 
pickup lenses are provided in a cam ring 3, and diagonal cam 
grooves and circumferential-direction cam grooves to furnish 
zoom positions in stages of the respective pickup lenses are ' 
provided in the cam grooves 3a and 3b. In a state in which the 
cam followers 11, 12 for lens frame forward /backward driving 
are positioned in circumferential-direction cam grooves, the 
above lens frames 4, 5 are held in their respective zoom 
positions even if the cam ring 3 is rotated. By rotating the 
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aperture ring 6 relative to the lens frame 4 in a rotation 
region in which the lens frames 4, 5 are fixed in respective 
zoom positions, the aperture value is set. Hence by means of a 
driving motor 21 as a single driving source rotating the cam 
ring 3, zoom driving in stages and aperture driving with high 
accuracy in the lens barrel 1 is realized. This driving 
mechanism can be configured from simple members, and the above 
camera can be made compact. 

Note that the above-described aspect is an example of 
incorporation of the above lens barrel 1 into an electronic 
camera 60 employing a pickup element.: however, the 
configuration of the above lens barrel 1 can also be applied 
to cameras using silver-salt film and to other optical devices. 

By means of the above invention, a lens driving device 
can be provided in which prescribed zoom values and arbitrary 
aperture values can be combined and set by means of a simple 
configuration employing a single driving source. 
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